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SUMMARY 


Pressure— distribution tests of a supersonic-aircraft fuselage vith 
and without canopies (body of revolution without canopies) have been 
conducted in the Langley k— by foot supersonic tunnel at a Mach number 
of 1.40 and a Reynolds number of 2.7 X 10^. These data, which were 
obtained upon completion of a series of calibration tests of the nozzle 
at a Mach number of 1.40j are compared with linear and nonlinear theo- 
retical results. The results of the calibration tests indicated that 
the flow in the test section in the vicinity of the model is suffi- 
ciently uniform to allow reliable data to be obtained. 

For the fuselage without canopies (body of revolution) very good 
agreement between the experimental results and the rigorous linear theory 
was obtained through the entire angle-of -attack* range (10° maximum) over 
most of the body. A comparison of the rigorous and incomplete linear 
theories indicates the importance of the radial— perturbation— velocity 
term which the latter theory neglects in determining the pressure coeffi- 
cient. It is also pointed out that nonlinear solutions for the pressures 
on arbitrary bodies of revolution which have the same form of solution 
as the incomplete linear theory appear to be inadequate in the same 
respects as the incomplete linear solutions. 


INTRODUCTION 


An experimental investigation has been in progress in the Langley 
4— by 4— foot supersonic tunnel to determine the aerodynamic character- 
istics of a large model of a sweptback-^wing airplane. The test model 
was selected to represent a supersonic— aircraft configuration in order 
that fundamental data having immediate practical interest would be 
obtained. As a part of this investigation^ a relatively detailed study 
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of the pressure distribution over the fuselage of this airplane has been 
made. The first series of these tests has been made at a Mach number 
of 1.59 and the results have been presented in reference 1. 

This paper presents the results of a similar investigation at a 
Mach number of 1.40 and a Reynolds number of 2.7 X 10^, and may be 
regarded as an extension at another Mach number of the tests presented 
and discussed in reference 1. . The experimental pressure distributions 
obtained on the fuselage with and without canopies are presented. In 
addition, the results obtained from the fuselage without canopies are 
compared with linear and nonlinear theoretical results. Calibration 
data of the test — section flow at Mach number 1.40 have also been included 
to serve as a reference for future reports. 


SYMBOLS 


Free— stream conditions:' 


P 

V 

a 

M 

1 

P 


mass density of air 
airspeed 

speed of sound in air 
Mach number (V/a) 
dynamic pressure (ipv 2 ) 
static pressure 
Local model conditions: 
u axial perturbation velocity 

v radial perturbation velocity 

Fuselage geometry: 

a, angle of attack of fuselage center line measured in the plane 

of symmetry of the airplane 

fuselage polar angle measured in a plane perpendicular to the 
longitudinal axis, degrees (0° at bottom of fuselace, see 
fig. 8) 


0 
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Air— stream geometry: 

angle between tunnel center line and flow direction measured 
in a horizontal plane, positive to right when viewed looting 
upstream (see fig. 1) 

9y angle between tunnel center line and flow direction measured 

in a vertical plane, positive for upflow (see fig. 1) 


Pressure data: 

P 

LANGLEY 4- BY 4-FOOT SUPERSONIC TUNNEL 
General Description 


local static pressure 
pressure coefficient 


(V) 


The Langley 4— by 4— foot supersonic tunnel is a closed— throat, 
single-return wind tunnel (see fig. 1, reference 1) driven by an axial- 
flow compressor. The tunnel has been designed for a nominal Mach number 
range from 1.2 to 2.2 and is temporarily powered by a 6000-horsepower 
electric-drive system. With the present power, the stagnation pressure 
is limited to approximately 0.3 atmosphere. The tunnel has a rectangular 
nozzle and test section consisting of two fixed parallel side walls and 
two horizontal flexible nozzle walls. The side walls and nozzle walls 
are 25 feet long and are continuous from a point 66 inches upstream of 
the throat to the end of the test section (fig. 1). For the Mach number 
1.40 nozzle, the test section has a width of 4.5 feet, a height of 
4.4 feet, and a length of uniform-flow region along the wall of approxi- 
mately 7 feet. 

The supersonic nozzle and test section are formed by deflecting the 
horizontal flexible walls against a series of fixed interchangeable 
templates which have been designed to give a wall shape producing uniform 
flow in the test section. For this series of tests, ■ temporary mild— steel 
nozzle plates were used in place of the permanent set of machined and 
polished stainless— steel plates. These temporary plates contain some 
small periodic waves. 
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Aerodynamic Design 

The flexible^wall section of the tunnel extends from station 0 to 
300 (see fig. 1) and includes the subsonic entrance section, supersonic 
nozzle, and test section. The subsonic entrance section extends from 
stations 0 to 66 and was designed to maintain a fair wall contour between 
the settling chamber and the first minimum section. Since, as is custom^ 
ary in supersonic^iozzle design, it was assumed that the flow was uniform 
at the first minimum^ a region of very slowly changing cross section 
extending from station - 66 to 84 was designed to help produce the desired 
uniform flow. The ordinates in this section were increased by an amount 
intentionally insufficient to allow for full growth of the displacement 
thickness of the boundary layer so that choking should occur at station 84 
although the geometric first minimum occurred at station 66. 

The M = 1.40 supersonic-nozzle section was designed by the method 
of characteristics. In this particular application, a smoothly varying 
velocity distribution was assumed to exist along the center line of the 
nozzle from the first minimum to the beginning of the test section. The 
characteristic net corresponding to this velocity distribution was then 
established so that the wall contour required to produce uniform flow in 
the test section could be determined. The boundary— layer displacement 
thickness on the flexible wall was computed by the method given in 
reference 2. It was assumed that the same thickness existed on the side 
walls, and the combined effect of both boundary layers was then arbitrarily 
applied to the theoretical nozzle ordinates to satisfy the one-dimensional 
continuity relationship. 


Test-Section Calibration 

Prior to any model testing in the M = 1.40 nozzle, static pressures 
were measured along the center line of both top and bottom flexible 
walls , and transverse stream surveys were made at one station (see fig. 1) 
in the test section to determine variations of the horizontal and vertical 
flow angles,, static pressure, and Mach number. The limits of the oper- 
ating dew point required to avoid serious- condensation effects were also 
established. 

Apparatus .— Ten cruciform probes and ten pitot— static tubes similar 
to those shown in figure 2 and described in references 1 and 3 were used 
to determine flow angles and stream pressures, respectively, during the 
transverse survey. 

Test procedure .— All test— section surveys were made for the 
following stagnation conditions: 
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Pressure, atmosphere 0.25 

Dew point, °F -15 to -40 

Temperature, °F 110 


In an initial series of tests, the static— pressure distribution along 
the flexible walls was measured by means of surface orifices. The 
indicated Mach number distributions on the flexible walls were calculated 
from the ratio of the measured static pressure to the measured stagna- 
tion pressure in the settling chamber. At the completion of the wall 
static— pressure- surveys, a transverse survey rake was installed at sta- 
tion 241 (fig. 1) to measure the horizontal and vertical flow angles 
and free-etream pressures. The survey rake was designed to support ten 
survey instruments, five in each of two vertical planes. Each vertical 
plane traversed half the tunnel width. The variation of stream angles 
with position and dew point was measured with ten cruciform probes 
installed on the survey rake. An identical series of tests was con- 
ducted with the pitot— static tubes mounted on the rake to determine 
free— stream pressures. This procedure was followed because it was found 
from previous tests (reference 1) that, although the cruciform probes 
indicated the correct flow angles, the indicated static pressures were 
too high. Data were obtained simultaneously at 2— inch transverse :* tcre— 

ments at 0, 4^-, and inches above and below the tunnel horizontal 

center line. 

Flow— angle variations were obtained from the cruciform-probe data 
by means of supersonic shock and expansion theory. The absolute angle 
of each probe surface in the vicinity of the orifice was measured by an 
optical method either prior to or after each test. These measurements 
were then used with the experimental angle variations to determine the 
absolute horizontal and vertical flow angles. The assumption made here 
that the probes did not deflect during the surveys is considered justi- 
fied because of the small aerodynamic loads which were present and of 
the high rigidity of the support strut. The free-stream static pressure 
was obtained directly from the pitot-static-tube data and the Mach number 
was computed from the ratio of the total pressure behind the normal shock 
to the free-stream static pressure indicated by the pitot-static tubes. 

Accuracy of data .— The following probable errors were estimated for 
the transverse survey data: 


Flow-angle variation, 9y and 0 H , degrees . ±0.02 

Absolute flow angle, and degrees ±0.07 

Mach number variation ±0.002 

Mach number, absolute value ±0.01 
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Results and discussion. — Representative data presented in figure 3 
show the effects of dew point on the indicated wall Mach number at 
several stations in the test section. In contrast to the noticeable 
effects of condensation which were found in the test section of the 
M = 1.59 nozzle (fig. 4, reference 1), there appears to be no measurable 
effect of condensation in the test section at M = 1.40 for the range 
of dew points investigated. It should be noted that these indicated 
Mach numbers were computed on the assumption of isentropic flow through 
the nozzle. Subsequent free— stream survey data indicated a nearly con- 
stant average loss of 0.2 percent of the stagnation pressure in the test 
section for this range of dew points. The resultant corrections would 
decrease the indicated wall Mach numbers by only 0.001. On the basis of 
these tests, the remainder of stream surveys were conducted at a dew 
point of —25° F. 

The indicated Mach number distributions measured on the center line 
of the upper and lower nozzle walls at a dew point of -25° F are shown 
in figure 4. The theoretical Mach number distribution obtained from the 
two-dimensional characteristics method is also shown for comparison. 

The agreement is good, although the indicated Mach number in the expanding 
nozzle section is somewhat lower than predicted by the theory. A small 
asymmetry in the indicated Mach number exists between the upper and 
lower walls. This asymmetry is probably caused by local irregularities 
in the temporary mild— steel flexible walls; however, these differences 
are small and do not appear to affect the flow significantly. The 
indicated Mach numbers on the test-section walls appear in general to 
bracket the design Mach number of 1.40. 

The results of the transverse pressure survey are presented in 
figures 5(a) > 5(t>), and 5(c), which show the variation of the horizontal 
flow angle, 0g, vertical flow angle, 0y, and Mach number, respectively, 
with position in the transverse plane at station 24l. The ability to 
repeat data on two separate runs is indicated by the two sets of symbols. 
The tailed symbols in figure 5( a ) refer to data for which the optically 
measured angle, a constant in this range, appears to be in error. Con- 
sequently, these data have been shifted vertically (-0.21°) to agree 
with the data obtained from another probe at the c ommo n point, (station 0) . 
The variation of &y in figure 5(t>) is large, but since the region of 
maximum variation is outside the normal test region for models, the 
aerodynamic data from model tests in this stream should not be signifi- 
cantly affected. Schlieren photographs of the test— section flow have 
been made with the schlieren system adjusted for maximum sensitivity and 
are shown as a composite in figure 6(b). To facilitate identification 
of window striae, a similar set of photographs made with the tunnel 
stopped are shown in figure 6(a). A comparison of the original negatives 
of figures 6(a) and 6(b) indicated that only one set of weak disturbances 
was detectable. The location of these shocks in figure 6(b) is indicated 
by the arrows. 
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The following table summarizes the flow variations in the region 

extending 4 inches on either side and 9^ inches above and below the 

4 

tunnel center line. 


(pitch plane of model), degrees -0.25 to 0.05 

0 y (yaw plane of model), degrees -0.23 to 0.33 

M I.385 to 1.415 


During the calibration of the M = 1.40 temporary nozzle, no 
surveys were made along the longitudinal center line. The Mach number 
and flow— angle variations in the region of the model installation 
(stations 235 to 265) were, therefore, computed from- the transverse 
survey data and are shown in figure 7. The validity of these computa- 
tions is discussed in reference 1 where the agreement between the com- 
puted and measured axial variations is good. The variation of flow 
angle in the vicinity of the fuselage is in general good except near the 
rear of the body. The maximum variation of from stations 235 to 

265 is -0.24° to 0.19° and of 0y from stations 231.4 to 250.6 is 

0.27° to —0.11°. The Mach number variation is 1.395 to 1.407* On the 
basis of these calculations and the transverse survey data, the test 
Mach number is considered to be 1.40. The flow in the test section is 
not so uniform as would be ultimately desired. It is believed, however, 
that the variations present in the vicinity of the model will not unduly 
affect the proposed tests and that the flow is suitable for aerodynamic 
testing. The temporary nature of this nozzle did not warrant any exten- 
sive attempts to improve the flow characteristics in the test section. 


MODEL AND INSTALLATION 


The test model was constructed from steel to coordinates presented 
in table I and is shown in figure 8. This is the same model used for 
the tests reported in reference 1. The basic model (without canopies) 
is a body of revolution having an over-all length of 30. 267 inches and 
a fineness ratio of 9*4. The top and bottom canopies are removable so 
that the fuselage can be tested as a body of revolution. The rear part 
of the- fuselage is integral with the supporting sting which had a 3° 
cone angle beginning at the rear of the model. The pressure orifices 
were located at various radial positions at nine basic stations of the 
model as shown, in figure 8. In addition, one comprehensive longitudinal 
row of orifices was located along the upper surface (0 = l80°) of the 
basic body (no canopies) . For the fuselage with canopies installed, the 
orifices located at approximately I50 0 were relocated at the canopy 
juncture. The pressures were photographically recorded from multiple- 
tube manometers filled with Alkazene 42 (x— dibromoethylbenzene) . This 
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manometer fluid., having a specific gravity of approximately 1.75, was 
found particularly suited for these tests because of its extremely low 
vapor pressure and low viscosity. 

The installation of the body of revolution in the tunnel is shown 
in figure 9* A scale drawing of the installation showing principal 
dimensions is presented in figure 10.' The angle of attack was varied 
in a horizontal plane through fixed increments by rotating the model 
about the 59— percent position of the fuselage. 


TESTS, CORRECTIONS, AND ACCURACY 
Tests 


The basic pressure data were obtained for the fuselage as a body 
of revolution and with canopies for an angle-of-attack range from -5° 
to 10° at a Mach number of 1.40 and a Reynolds number of 2.7 x 10^ based 
on the fuselage length. This Reynolds number and Mach number condition 
corresponds to full-scale similarity at an altitude of approximately 
110,000 feet. The aerodynamic data were obtained at tunnel stagnation 
conditions of: pressure, 0.25 atmosphere; temperature, 110° F; and dew 

point, —25° F. 


Corrections and Accuracy 

Since the magnitude of the flow angle, Mach number, and pressure- 
coefficient gradients are in general small in the vicinity of the model, 
no corrections have been applied to the data. The variation of the test 
conditions and accuracy of the data are estimated to be as follows: 


Mach number . ±0.01 

Angle of attack, degrees : 

Geometric measurement (probable error) ±0.02 

Flow irregularity (0g) f 0.24 


Angle of yaw, degrees: 


Flow irregularity (£y) J 0.27 

1 - 0.11 

Absolute pressure coefficient ... ±0.012 

Variation of radial pressure coefficient ±0.005 
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PRESENTATION OF RESULTS 


The basic data obtained from the tests of the body of revolution 
and complete fuselage are presented in figures 11 and 12, respectively. 
The pressure coefficient, P, is plotted against the radial angle, 0, for 
nine stations along the body. The fact that the radial data at some of 
the stations are incomplete is due to plugged orifices and tubes. Two 
sets of data were recorded consecutively for each model position. How- 
ever, in general, only one set has been plotted. The plotted data are 
tabulated in tables II and IY and the supplementary data including data 
for other angles of attack - are tabulated in tables III and V. Figure 11 
also includes representative theoretical curves for six axial stations 
and for angles of attack - of — 5°* 0°, and 10°. The theoretical results 
have been omitted at stations 46.2 and 73*1 because the orifices at 
these stations were located in a region where the change in body slope 
is discontinuous and the exact slope is not known. The theoretical 
results have been omitted at station 93 • 5 because of sting interference 
effects on the experimental results. In calculating the theoretical 
curves, the linearized theory has been used in rigorous form (see section 
entitled "Discussion"). 

The same basic data for the body of revolution are replotted in 
figure 13 as a function of a cos 0, a parameter which as been commonly 
used in both linear and nonlinear theoretical methods. In this figure 
results for both the rigorous and incomplete linear theory are also pre- 
sented in order to establish the exact magnitudes of the discrepancies 
between both theoretical results. In addition, in figure 13* the non- 
linear theoretical results are presented for station 5*6, which is on 
the conical nose section of the body, for 0° angle of attack - as obtained 
from reference 4 and for angles of attack - as obtained from reference 5* 

The axial pressure distribution along the body for 0 = l80° and 
0° angle of attack: is presented in figure 14 for comparison with the 
results of both the rigorous and incomplete linear solutions. In addi- 
tion, the nonlinear theoretical solution obtained by the method of 
characteristics (see, for example, reference 6) is also presented in 
figure 14. In this application of the method of characteristics the 
effects of shock - curvature have been neglected since, as pointed out in 
reference 1, it is estimated that these effects are small. Figure 15 
presents a comparison of the axial pressure distribution at 0 = l80° 
with the rigorous linear theory for several angles of attack - . 

In figure 16, the pressures measured over the top canopy (0 = l80°) 
for 0° angle of attack are compared with the results of two approxima- 
tions (discussed in reference 1) for estimating the pressures. The 
pressure distribution over the canopy at several angles of attack is 
plotted in figure 17. The data presented in figures 14 and 15* 16 and 17 
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are tabulated in tables VI and VIII, respectively. Similar supplementary 
data, together with data for other angles of attack, are given in tables VII 
and IX. 


DISCUSSION 


Considerable effort has been directed towards unifying the results 
of the linear theory as applied to bodies of revolution and towards 
establishing these results rigorously consistent with the assumptions of 
the linearization. Lighthill, in reference 'J, presents the linearized 
form of the pressure coefficient as: 



In investigating the flow about inclined bodies of revolution, H. J. Allen 
of the Ames Aeronautical Laboratory has recently applied equation ( 1 ) to 
obtain a solution of the form: 


P a = P'q.q + AP* a cos P + (1-4 sin 2 0)a 2 (2) 


where P'^q is the zero-angle-of -attack solution. Hence, in order to 

compare the experimental results of the present investigation with theory, 
the linearized pressure coefficient was obtained from equation ( 2 ) with 
the term P’q-q evaluated consistent with equation (l). In determining 

P q^q ond AP*, the step process of Von Karmen and Moore (reference 8 ) 

was used for 0° angle of attack, and of Tsien (reference 9) for angle of 
attack. Since in the past the pressure coefficient has been commonly 
determined with the omission of the term (v/V)* in equation ( 1 ) and 
consequently with the omission of ( 1-4 sin 2 0 )a 2 in equation ( 2 ), the 
magnitude and influence of these two terms will be considered in the 
results presented in figures 13 and 14. In figure 13 , the pressure data 
have been plotted against the parameter a cos 0 which has been signifi- 
cant in both the incomplete linear solution and the nonlinear solution 
for small angles of attack (reference 6 ). The large discrepancies between 
the rigorous linear theory and the incomplete linear theory (a single 
curve applying for all angles of attack) shown in figure 13 clearly 
indicate the importance of the omitted terms. 
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In considering the general nonlinear theoretical solution for 
todies of revolution at small yaw, the pressure coefficient has the form: 


P “ P o=0 + AP a cos P 


( 3 ) 


where P^q is the theoretical nonlinear pressure coefficient at 0° 

angle of attach and AP depends upon the body geometry, free— stream 
Mach number, and shock curvature. If the effects of shock curvature are 
negligible, then AP is independent of the angle of attack and the non- 
linear solution, equation (3), has the identical form as the incomplete 
linear solution. If shock curvature effects are not negligible, then 
the form remains the same with, however, AP becoming a function of the 
angle of attack. Hence, if equation (3) were applied to the cylindrical 
portion of a body of revolution at large distances from the nose, then 
AP would tend to vanish and the pressure would be a constant independent 
of the radial position. However, from a physical consideration, the 
incompressible distribution about a circular cylinder would be expected 
for small angles of attack if the rotation in the flow is vanishingly 
small. Such a result is given by the rigorous linear theory (equa- 
tion ( 2 )). It, therefore, appears that an angle-of -attack term of the 
order of a?, which is of the same order as the term APa, has been 
omitted from the general nonlinear solution presented by equation (3). 

The importance of this term in affecting the pressure— distribution pre- 
diction can be seen from the curved nature of the experimental data when 
plotted against a cos fi (fig. 13). 

A general comparison of the experimental and rigorous linear theo- 
retical results (fig. 11) indicates, with the possible exception of the 
first station, very good agreement for all angles of attack as far back 
as station 84.3 (last station available for comparison). At the first 
station, 5.6, the primary discrepancy occurs in predicting the zero- 
angle— of— attack value since the theoretical variations accurately agree 
with the experimental radial variations. This discrepancy for the cone 
value is somewhat more evident from the zero-angle-of -attack data of 
figure 13. By coincidence, the incomplete solution agrees much more 
closely with the characteristic solution than the rigorous linear 
solution . 

The importance of using the rigorous solution becomes readily 
apparent from an examination of figure 13. In this comparison, as pre- 
viously pointed out, the incomplete linear solution is represented by a 
single curve. It becomes immediately apparent that a straight line will 
not predict the general nature of the experimental curves and that the 
rigorous linear theory in general excellently predicts both the magni- 
tude and shape of the experimental curves as far back as the limit of 
comparison of the present tests. In comparing the nonlinear solution 
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for the yawed cone (references 4 and 5 ) at station 5 . 6 , it can he seen 
that the theory gives a very good prediction for small angles of attack 
but becomes progressively worse as the angle increases. It appears, 
then, that the cone solution is restricted to angles of yaw which are 
small compared to the cone angle. 

The axial pressure. distributions at 0 = 180° presented in fig- 
ures 14 and 15 are typical of the agreement between the experimental 
and rigorous-linear-theory results at any radial station (see fig. 11 ). 
Figure 14 shows the relative importance of the (v/v ) 2 term in determining 
the pressure distribution at 0° angle of attack. Since over most of the 
body the magnitude of this term is small, both the rigorous and incom- 
plete solutions are essentially the same over more than half the body. 

The maximum discrepancy occurs in the vicinity of the nose, as previously 
noted, where the perturbations are large. Over the rear 10 percent of 
the body, the effects of boundary— layer separation caused or aided by 
sting interference prevent the rapid expansion predicted by theory. As 
can be seen from figure 15 , the agreement between the theory and experi- 
mental results is good even at high angles of attack. 

It should be pointed out that the use of the rigorous linear theory 
in predicting the lift or moment characteristics of bodies of revolution 
will give the same results as the use of the incomplete theory since the 
integrated effects of the a 2 term are exactly zero. 

The effects of the canopies on the fuselage pressure distribution 
can be seen by comparing figures 11 and 12. It appears that the shock 
from the top canopy crosses station 10.9 in the region of 0 = 90° 
since the pressures at 0 = 60 ° at this station are the same for the 
fuselage with and without canopies. (The differences in the distribu- 
tions at station 5.6 for the two configurations is considered to be an 
experimental error of an undetermined origin.) At station 22.0 and 
farther rearward, the canopy effects are noticeable over the entire 
body. The pressure distributions on the top canopy at 0 = l80° are 
shown in figures 16 and 17, and indicate the expected trends. After 
the initial compression and expansion on the front of the canopy, the 
pressures approach zero. The results of the approximations (fig. l 6 ) 
were obtained by methods described in reference 1 and are reviewed 
briefly here. The first method makes the assumption that the canopy 
extends completely around the body of revolution and computes the 
resultant pressure distribution by means of the rigorous linear theory. 
Similarly, the second method assumes that the canopy windshield is a 
cone whose axis is an element of the conical nose section of the fuselage 
and that the Mach number ahead of the cone is the same as that on the 
surface of the fuselage nose section. It is realized that these as sump— 
tions are crude. However, a combination of the two methods does give a 
reasonable estimate of the pressures to be expected on the canopy. 
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CONCLUSIONS 


Pressure-distribution tests of a supersonic-aircraft fuselage with 
and without canopies have been conducted in the Langley 4— by 4— foot 
supersonic tunnel at a Mach number of 1.40 and a Reynolds number of 
2.7 X 10^. These <fata, which were obtained upon completion of a series 
of calibration tests of the M = 1.40 nozzle, are compared with linear 
and nonlinear theoretical results. The following conclusions are indi- 
cated from the calibration and pressure-distribution tests: 

1. The test— section flow in the vicinity of the model is considered 
sufficiently uniform to be suitable for aerodynamic testing. 

2. A general comparison of the experimental pressure distributions 
with rigorous linear theory indicates, with the possible exception of 
the nose cone, very good agreement between the experimental and theo- 
retical pressures for the test angle-of -attack range (-5° to 10°) up to 
the last station (84.3 percent of fuselage length) at which complete 
experimental data were available. The discrepancy at the nose is 
limited to the prediction of the pressure coefficient at zero angle of 
attack. 

3. A comparison of the rigorous and the incomplete linear theory 
with experimental data clearly indicates the importance of the radial 
perturbation velocity which is neglected in the incomplete theory. 

4. Nonlinear solutions for the pressures about arbitrary bodies of 
revolution which have the same form of solution as the incomplete linear 
theory appear to be inadequate in the same respects as the incomplete 
linear solutions. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Air Force Base, Va. 
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TABLE III.- SUPPLEMENTARY PRESSURE-COEFFICIENT DATA FOR 
THE FUSELAGE AS A BODY OF REVOLUTION 


Station 

(percent) 

Radial 

angle, 

0 

Angle of attack 

(leg) 

-5 

-3 

-3 

-2 

-2 

0 

2 

4 

6 

8 

10 

5.6 

0 

0.170 

0.195 

0.191 

0.208 

0.210 

0.238 

0.272 

0 . 305 . 

0.346 

0.386 

0.430 


60 

.204 

.219 

.219 

.228 

.230 

.244 

.256 

.262 

.266 

.268 

.268 


90 

.247 

.250 

.249 

.254 

.256 

.250 

.244 

.230 

.217 

.196 

.176 


120 

.285 

.266 

.267 

.260 

.262 

.242 

.224 

.194 

• 175 

.148 

.120 


180 

.331 

.292 

.290 

.278 

• 277 

.242 

.208 

.182 

.159 

.138 

.116 

10.9 

0 

.104 

.123 

.124 

.139 

.i 4 o 

.166 

.198 

.230 

.266 

.306 

.3^7 


60 

.120 

.139 

.140 

.149 

.150 

.164 

.181 

.190 

.199 

.204 

.207 


90 

- .152 

.159 

.159 

.162 

.166 

.164 

.167 

• 155 

.147 

.128 

.107 


120 

.192 

.181 

.179 

.178 

.178 

.162 

.149 

.127 

.109 

.080 

.051 


180 

.231 

.197 

.195 

.186 

.182 

.150 

•125 

.103 

.085 

.066 

.047 

22.0 

0 

-.111 

-.103 

-.102 

—•093 

-.092 

-.081 

-.062 

-.044 

-.018 

.006 

.032 


60 

-.107 

-.097 

-.094 

-.089 

-.086 

-.077 

-.069 

-.067 

-.064 

-.063 

-.070 


120 

-.065 

-.071 

-.070 

-.073 

-.070 

-.077 

-.085 

-.101 

-.118 

-.137 

-.162 


147 

-.043 

-.061 

-.062 

-.069 

-.064 

-.079 

-.091 

-.107 

-.118 

-.127 

-.142 


180 

-.029 

“.053 

-.052 

-.061 

-.060 

-.077 

-•093 

-.103 

-.112 

-.117 

-.130 

34.6 

0 

-.029 

“.030 

“.031 

-.029 

-.025 

-.024 

-.018 

-.012 

.004 

.024 

.044 


60 

-.041 

-.034 

-.035 

-.029 

-.027 

-.024 

-.022 

-.028 

-.034 

-.044 

-.056 


90 

-.043 

-.032 

-.033 

-.027 

-.025 

-.024 

-.026 

-.036 

-.050 

-.071 

-.106 


120 

-.031 

-.028 

-.027 

-.025 

-.021 

-.026 

-.028 

-.036 

-.048 

-.069 

-.100 


153 

-.009 

-.020 

-.019 

-.021 

-.021 

-.028 

-.030 

-.034 

-.040 

-.040 

-.030 


180 

.001 

-.012 

-.011 

-.017 

-.015 

-.022 

-.028 

-.030 

-.028 

-.018 

-.022 

46.2 

0 

-.061 

-.060 

-.059 

-.059 

-.056 

-.056 

-.050 

-.044 

-.032 

-.018 

-.006 


90 

-.081 

-.070 

-.071 

-.065 

-.062 

-.058 

-.062 

-.075 

-.094 

-.119 

-.148 


120 

-.065 

-.062 

-.063 

-.059 

-.056 

-.050 

-.062 

-.069 

-.076 

-.095 

-.118 


180 

-.025 

-.036 

-.037 

-.037 

-.035 

-.046 

-.046 

-.048 

-.052 

-.054 

-.052 

59.7 

0 

-.019 

-.026 

-.027 

-.025 

-.023 

-.028 

-.026 

-.026 

-.020 

-.012 

-.002 


90 

-.043 

-.030 

-.029 

-.025 

-.021 

-.020 

-.026 

~.032 

-.050 

-.075 

-.094 


120 

-.033 

-.026 

-.027 

-.021 

-.021 

-.020 

-.020 

-.032 

-.048 

-.052 

-.072 


158 

-.017 

-.022 

-.023 

-.021 

-.017 

-.022 

-.020 

-.022 

-.018 

-.018 

-.030 


180 

-.011 

-.018 

-.019 

-.021 

-.017 

-.022 

-.022 

-.016 

-.010 

-.002 

-.006 

73.1 

0 

-.057 

.066 

-.067 

-.061 

-.058 

-.050 

-.063 

-.063 

-.058 

-.054 

-.044 


60 

-.061 

.062 

-.063 

-.061 

-.056 

-.058 

-.058 

-.067 

-.076 

-.087 

-.106 


90 

-.079 

.070 

-.071 

-.063 

-.062 

-.058 

-.062 

-.075 

-.086 

-.105 

: -.130 


120 

-.075 

.066 

-.067 

-.061 

-.060 

-.058 

-.058 

-.069 

—.068 

-.081 

-.102 


180 

-.047 

.054 

-.055 

-.055 

-.052 

-.058 

-.054 

-.056 

-.048 

-.046 

-.048 


0 

-.019 

-.036 

-.035 

-.041 

-.037 

-.046 

-.046 

-.054 

-.054 

-.050 

-.044 


60 

-.043 

-.054 

-.055 

-.045 

-.044 

-.046 

-.046 

-.056 

-.070 

-.085 

-.106 


90 

-.067 

-.058 

-.057 

-.049 

-.046 

-.046 

-.046 

-.060 

-.072 

-.085 

-.106 

HilM 

120 

-.065 

-.054 

-.095 

-.049 

-.046 

-.044 

-.046 

-.046 

-.044 

-.063 

-.090 

93.5 

120 

-.159 

-.143 

-.146 

-.093 

-.088 

-.061 

“.075 

-.131 

-.127 

-.147 

-.164 
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TABLE IV.— PRESSURE— COEFFICIENT DATA PRESENTED IN FIGURE 12 
FOR THE COMPLETE FUSELAGE 


Station 

(percent) 

Radial 

angle, 

p 

Angle of attack 

(leg) 

-5 

0 

2 

4 

6 

8 

10 

5-6 

0 

O.169 

0.244 

0.276 

0.311 

0.352 

0.395 

0.437 


6o 

.201 

.252 

.260 

.274 

.286 

.295 

.304 


90 

.241 

.256 

.248 

.240 

.231 

.217 

.196 


120 

.278 

.246 

.222 

.202 

.181 . 

.158 

.128 


180 

.332 

.244 

.206 

.179 

.157 

.138 

.118 

10.9 

0 

.101 

.166 

.192 

.226 

.264 

.305 

■a 


60 

.123 

.166 

.176 

.188 

.199 

.206 



90 

.171 

.180 

.172 

.163 

.149 

•132 

H3S 


120 

.248 

.220 

.200 

.181 

.163 

.136 

.108 


180 

.461 

.363 

.328 

.298 

.270 

.243 

.214 

22.0 

0 

-.102 

-.064 

-.047 

-.026 

0 

.024 

.054 


6o 

-.078 

-.032 

-.025 

-.020 

-.016 

-.013 

-.028 


120 • 

-.106 

-.092 

-.087 

-.087 

-.090 

-.097 

-.106 


147 

—139 

-.152 

-.156 

-.161 

-.161 

-.159 

-.162 


180 

-.143 

-.184 

-.190 

-.202 

-.219 

-.226 

-.238 

3^.6 

0 

-.046 

-.020 

-.007 

.010 

.030 


.076 


60 

-.042 

-.032 

-.035 

-.034 

-.036 

EOsESI 

-.044 


90 

-.046 

-.034 

-.045 

-.062 

-.082 

-.107 

-.132 


120 

-.034 

-.026 

-.037 

-.058 

-.074 

-.097 

-.126 


153 

-.018 

-.040 

-.035 

-.048 

-.054 

-.063 

-.068 


180 

-.030 

-.040 

-.039 

-.038 

-.034 

-.023 

-.014 

46.2 

0 

-.052 

-.044 

-.039 

-.032 

-.020 

-.007 

.012 


90 

-.086 

-.068 

-.073 

-.093 

-.112 

-.l4l 

-.174 


120 

— .066 

-.060 

-.067 

-.079 

-.094 

-.117 

-.132 


158 

0 

-.016 

-.025 

-.034 

-.036 

-.033 

-.034 


180 

; 

.014 

.020 

.001 ; 

0 

-.002 

-.001 

-.006 

59-7 

0 

-.030 

-.032 

-.033 

-.034 

-.028 

-.019 

-.012 


90 

-.038 

-.006 

-.009 ; 

-.020 

-.034 

-.057 

-.084 


120 

-.036 

-.008 

-.009 

-.016 

-.022 

-.031 

-.040 


158 

-.018 

-.020 

-.019 

-.020 

-.016 

-.015 

-.016 


180 

-.010 

-.020 

-.027 

-.020 

-.016 

-.013 

-.012 

73.1 

0 

-.052 

-.046 

-.043 

-.042 

-.036 

-.027 

-.020 


60 

-.068 

-.050 

-.051 

-.058 

—.066 

-.079 

-.096 


90 

-.082 

-.058 

-.059 

-.069 

-.084 

-.101 

-.126 


120 

-.068 

-.056 

-.057 

-.065 

-.062 

-.079 

-.084 


158 

-.014 

-.014 

-.019 

-.026 

-.018 

-.031 

-.040 


180 

-.002 

-.006 

-.013 

-.012 

-.008 

-.001 

-.004 

84.3 

0 

-.036 

-.046 

-.051 

-.058 

-.056 

-.065 

-.064 


60 

-.066 

-.050 

-.053 

-.062 

-.070 

-.083 

-.102 


90 

-.082 

-.056 


-.063 

-.074 

-.083 

-.106 


120 

-.082 

-.058 

-.063 

-.067 

-.074 

-.079 

-.086 

93.5 

0 

-.145 

-.120 

-.n6 

-.119 

-.114 

-.111 

-.122 
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TABLE V.- SUPPLEMENTARY PRESSURE-COEFFICIENT DATA FOR 
THE COMPLETE FUSELAGE 


Station 

(percent) 

Radial 

angle, 

P 


Angle of attack 
(deg) 

-5 

-3 

-3 

-2 

-2 

0 

2 

4 

6 

8 

10 

5.6 

0 

0.171 

0.196 

0.195 

0.213 

0.211 

0.245 

0.275 

0.311 

0.349 

0.397 

0.439 


60 

.202 

.223 

.223 

.233 

.233 

.249 

.263 

.273 

.283 

.297 

.304 


90 

.242 

.249 

.251 

.253 

.253 

.257 

.249 

.240 

.228 

.217 

.198 


120 

.280 

.267 

.265 

.261 

.261 

.247 

.223 

.202 

.178 

.158 

.128 


180 

.331 

.293 

.293 

.277 

.277 

.243 

.208 

.178 

.154 

.138 

.120 

10.9 

0 

.101 

.124 

.125 

.137 

.137 

.I65 

.194 

.228 

.262 

.307 

.347 


60 

.125 

.144 

.141 

.153 

.153 

.167 

.178 

.188 

.196 

.206 

.206 


90 

.173 

.178 

.177 

.181 

.179 

.181 

.174 

.162 

.146 

.132 

.106 


120 

.248 

.239 

.239 

•235 

.235 

.221 

.202 

.180 

.160 

.138 

.110 


180 

.462 

.423 

.421 

.405 

.403 

.365 

.329 

.297 

.268 

.243 

.214 

22.0 

0 

-.101 

-.089 

-.090 

-.081 

-.080 

-.065 

-.045 

-.027 

-.001 

.024 

.056 


60 

-.077 

-.055 

-.056 

-.047 

-.048 

-.035 

-.023 

-.021 

-.017 

-.015 

-.026 


120 

-.105 

-.099 

-.100 

-.095 

-.096 

-.091 

-.087 

-.088 

-.092 

-.097 

-.106 


147 

-.137 

-.147 

-.146 

-.149 

-.148 

-.153 

-.155 

-.162 

-.162 

-.159 

-.164 


180 

-.143 

-.163 

-.162 

-.169 

-.168 

-.183 

-.187 

-.203 

-.221 

-.226 

-.236 

34.6 

0 

-.046 

-.037 

-.038 

-.031 

-.032 

-.021 

-.005 

.009 

.029 

.052 

.078 


60 

-.040 

-.037 

-.040 

-.035 

-.034 

-.033 

-.033 

-.035 

-.037 

-.039 

-.044 


90 

-.046 

-.035 

-.034 

-.031 

-.028 

-.035 

-.043 

-.062 

-.084 

-.105 

-.130 


120 

-.032 

-4 031 

-.032 

-.023 

-.024 

-.027 

-.037 

-.058 

-.076 

-.095 

-.124 


153 

-.016 

-.031 

-.034 

-.037 

-.036 

-.039 

-.033 

-.046 

-.054 

-.063 

— .066 


180 

-.030 

-.035 

-.038 

-.037 

-.038 

-.041 

-.037 

-.039 

-.035 

-.023 

-.012 

46.2 

0 

-.050 

-.047 

-.050 

-.047 

-.048 

-.043 

-.037 

-.033 

-.023 

-.007 

.014 


90 

-.083 

-.075 

-.076 

-.071 

-.070 

-.067 

-.071 

-.094 

‘ .114 

-.141 

-.174 


120 

-.063 

-.059 

-.060 

-.059 

-.058 

-.059 

-.065 

-.080 

-.094 

-.117 

-.130 


156 

.002 

-.003 

-.004 

-.007 

-.006 

-.019 

-.023 

-.035 

-.039 

-.033 

-.034 


180 ; 

.016 

.006 

.006 

.013 

.014 

.019 

.002 

-.001 

-.005 

-.001 

-.004 

59.7 

0 

-.030 

-.031 

-.032 

-.033 

-.034 

-.033 

-.031 

-.035 

-.029 

-.019 

-.010 


90 

-.036 

-.031 

-.018 

-.011 

-.012 

-.007 

-.007 

-.021 

-.037 

-.055 

-.084 


120 

-.034 

-.015 

-.020 

-.015 

-.016 

-.011 

-.007 

-.017 

-.025 

-.031 

-.040 


158 

-.018 

-.019 

-.022 

-.019 

-.020 

-.019 

-.017 

-.019 

-.019 

-.015 

-.016 


180 

-.010 

-.015 

-.018 

-.019 

-.018 

-.021 

-.025 

-.021 

-.019 

-.011 

-.010 

73.1 

0 

-.050 

-.051 

-.050 

-.049 

-.048 

-.047 

-.041 

-.040 

-.037 

-.027 

-.018 


60 

-.065 

-.059 

-.058 

-.055 

-.054 

-.051 

-.049 

-.058 

— . 066 

“.079 

-.094 


90 

-.077 

-.067 

-.066 

-.063 

-.062 

-.059 

-.057 

-.070 

-.084 

-.101 

-.124 


120 

-.065 

-.059 

-.062 

-.059 

-.058 

-.055 

-.057 

-.066 

-.070 

-.077 

-.084 


158 

-.016 

-.017 

-.018 

-.015 

-.018 

-.017 

-.017 

-.027 

-.027 

-.031 

-.040 


180 

0 

-.003 

-.006 

-.007 

-.008 

-.007 

-.011 

-.019 

-.011 

-.001 

-.004 

84.3 

0 

-.034 

-.039 

-.040 

-.041 

-.040 

-.047 

-.049 

-.058 

-.050 

-.063 

-.064 


60 

-.063 

-.059 

-.058 

-.053 

-.056 

-.051 

-.051 

-.062 

-.062 

-.083 

-.102 


90 

-.Q77 

-.063 

-.066 

-.059 

-.060 

-.057 

-.053 

-.064 

— . 066 

-.087 

-.106 


120 

-.079 

-.069 

-.070 

-.063 

-.064 

-.059 

-.061 

-.068 

-.066 

-.079 

-.084 

93-5 ' 

0 

-.145 

-.133 

-.134 

-.127 ■ 

-.128 

-.121 

-.115 

-.120 

-.108 

— -115 J 

-.120 
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TABLE VI.- PRESSURE-COEFFICIENT DATA PRESENTED IN FIGURES 14 
AND 15 AT POSITION 0 = l80° ON THE BODY OF REVOLUTION 


Station 

(percent) 

Angle of attack 
(deg) 

-5 

0 

2 

6 

10 

1.7 

0.338 

0.250 

0.218 

0.164 

0.123 

5.6 

• 330 

.242 

.208 

.158 

• 119 

8.5 

.314 

.224 

.194 

.142 

.107 

11.0 

.230 

.152 

.125 

.084 

.047 

15.4 

.155 

.086 

.061 

.020 

-.015 

16.8 

.093 

.030 

.006 

-.029 

-.059 

19.9 

-.005 

-.060 

-.073 

-.101 

-.111 

22.0 

-.031 

-.079 

-.093 

-.113 

-.125 

24.4 

-.021 

-.065 

-.075 

-.089 

-.099 

27.3 

-.013 

-.046 

-.054 

-.065 

-.065 

34.7 

-.001 

-.022 

-.028 

-.027 

-.017 

38.7 

.011 

-.006 

-.012 

-.011 

-.005 

44.8 

-.001 

-.026 

-.034 

-.033 

-.029 

46.3 

-.027 

-.046 

-.046 

-.051 

-.047 

^7.5 

-.045 

-.058 

-.060 

-.065 

-.O65 

52.5 

-.037 

-.048 

-.044 

-.037 

-.021 

59-7 

-.011 

-.022 

i -.022 

-.011 

-.003 

65.0 

.003 

-.010 

-.008 

.002 

.005 

71.5 

-.005 

-.022 

-.018 

-.003 

-.003 

73-2 

-.049 

-.058 

-.054 

-.047 

-.049 

74.5 

-.065 

-.O65 

-.058 

-.059 

-.067 

79.0 

-.049 

-.050 

-.036 

-.029 

-.039 

84.1 

-.047 

-.042 

-.032 

-.015 

-.031 

86.0 

-.041 

-.038 . 

-.028 

-.005 
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TABLE VIII.- PRESSURE— CQEFFICIE NT DATA PRESENTED IN FIGURES 16 
AND 17 AT POSITION 0 = l80° ON THE TOP CANOPY 
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(b) Three -quarter -front view of cruciform probe. 



(c) Pitot-static probe. 


Figure 2.- Calibration probes. 
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Dew point, deg.F 


Figure 3«- Variation of local Mach number with dew point 
for representative upper -wall stations along nozzle axis 
of the Langley 4- by 4-foot supersonic tunnel for a stagnation 
temperature of 110° F and 0.25 -atmosphere stagnation pressure. 
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Figure 4.- Mach number distribution along center line of nozzle walls 
of the Langley 4- by 4- foot supersonic tunnel. 
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Figure 5 .- Stream conditions in a transverse plane looking upstream 
at station 241 in test section of M = 1.40 nozzle of the 
Langley 4- by 4-foot supersonic tunnel. 
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(a) Zero-speed composite. 



(b) M=l.40 composite. 


_l I I I I 

240 245 250 255 260 

Nozzle station, inches. 


l-63596 

Figure 6.- Schlieren photographs of flow on test section center line 

of M = 1.1*0 nozzle. 
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Figure 8.- Fuselage model layout.. Coordinates are given in table 
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Figure 9 .- Downstream view of the body of revolution 
in the Langley 4- by 4- foot supersonic tunnel. 
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Figure 10.- Model and support installation. All dimensions are in inches 
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Figure 12.- Concluded. 
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Figure 13 . - A comparison of the theoretical and experimental pressure - 
coefficient variation with a cos 0 at nine axial stations on the 
body of revolution, M = 1.40. 






Figure 13. - Concluded 
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Figure 14. - A comparison of the theoretical and experimental axial 
pressure distribution at 0° angle of attack along the top surface 
(0 = 180°) of the body of revolution, M = 1.40. 
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Figure 15.- A comparison of the theoretical and experimental axial 
pressure distribution at several angles of attack along the top 
surface (0 = l80°) of the body of revolution, M = 1.40. 
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Figure 17.- The experimental pressure distribution at several angles 
of attack on the top surface (0 = 180°) of the fuselage canopy, 

M = 1.1*0. 
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